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Abstract

Background In Japan, sorafenib is now the first-line
therapy for individuals with advanced hepatocellular car-
cinoma (HCC), but no other treatment is available for such
patients. The aim of this study was to assess the efficacy
and safety of combination therapy with systemic continu-
ous intravenous infusion of 5-fluorouracil (5-FU) and
subcutaneous peginterferon alfa-2a, which was used before
sorafenib was introduced to Japan.

Methods Two hundred and twenty-three HCC patients,
who were not amenable to curative surgery, percutaneous
ablation, or transarterial chemoembolization (TACE), and
for whom intraarterial chemotherapy was not indicated
because of the presence of extrahepatic metastasis or ste-
nosis of the common hepatic artery, received peginterferon
alfa-2a (90 pg subcutaneously on days 1, 8, 15, and 22) and
5-FU (500 mg/day intravenously given continuously on
days 1-5 and 8-12). We assessed their response to treat-
ment and survival, and treatment safety.
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Results The response rate was 9.4 % (including six
patients with complete response) and the disease-control
rate was 32.7 %. The median time to progression was
2.0 months. The overall median survival time was
6.5 months (Child—Pugh class A: 9.2 months vs. Child—
Pugh class B: 2.8 months). In a multivariate analysis,
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status >0, Child—Pugh class B, and the presence of
macroscopic vascular invasion were independent predictors
of poor prognosis. The major grade 3-4 adverse events
were leucopenia (13.9 %) and thrombocytopenia (5.8 %).
No treatment-related deaths occurred.

Conclusions This combination therapy was well tolerated
and showed promising efficacy. Further studies are needed
to establish the usefulness of this treatment.

Keywords Hepatocellular carcinoma - Systemic
chemotherapy - Survival analysis - Time to progression
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AST Aspartate aminotransferase
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RECIST Response to treatment in solid tumors
SD Stable disease

TACE Transcatheter arterial chemoembolization
TTP Time to progression

5-FU 5-Fluorouracil

Introduction

Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related death, with a particularly high incidence in
Asian countries, including Japan [1, 2]. HCC usually
develops in a liver already suffering from chronic disease,
most notably due to hepatitis B virus (HBV) or hepatitis C
virus (HCV) infection [3]. In the past, HCC was diagnosed
often only at a very advanced stage, which was associated
with a very poor prognosis [4]. Close surveillance of des-
ignated high-risk patients, using advanced diagnostic
modalities, has now facilitated HCC detection at a much
earlier stage. Together with the considerable advances in
HCC treatment, such as surgical resection, percutaneous
ablation, transcatheter arterial chemoembolization (TACE),
and liver transplantation, the survival time of HCC patients
has been much prolonged in recent years [5-10].

However, the potentially curative treatment modalities
described above are not indicated for patients with
advanced HCC with extrahepatic metastasis or macro-
scopic vascular invasion , and their prognosis remains poor.
In two recent large randomized controlled trials, sorafenib,
a multi-kinase inhibitor, significantly prolonged survival in
patients with advanced HCC, even when the primary lesion
was associated with vascular invasion or extrahepatic
metastases, and this agent is now widely regarded as the
standard treatment for such patients [11, 12]. However,
even with sorafenib, the median survival time (MST) of
such patients is rather short, ranging from 6.5 to
10.7 months. Thus, the development of new drugs or new
regimens that include cytotoxic and molecular-targeted
agents still remains necessary.

Previously, we reported the efficacy of therapy using a
combination of intrahepatic arterial 5-fluorouracil (5-FU)
and subcutaneous interferon alfa for patients with advanced
HCC with portal venous invasion [13]. Because most
intraarterially administered 5-FU is taken up by the liver
during the first pass, this combination chemotherapy would
not be effective against extrahepatic metastasis. Never-
theless, the mechanism underlying the chemotherapy with
intraarterial 5-FU would function if 5-FU could reach
extrahepatic lesions via systemic administration. There-
fore, we expected that a combination of systemic intrave-
nous 5-FU and subcutaneous interferon would be effective
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against extrahepatic metastasis of HCC. We report the
efficacy and safety of this treatment for advanced HCC,
which we performed before sorafenib was introduced to
Japan.

Patients, materials, and methods
Patients

The present study was conducted as a retrospective cohort
study. We analyzed 223 consecutive patients who received
combination therapy comprised of continuous intravenous
infusion of 5-FU and subcutaneous pegylated interferon-
alfa for advanced HCC at Kyoundo Hospital from January
1, 2004, to May 31, 2009, when sorafenib was licensed in
Japan. The study population consisted of patients with
advanced HCC who were not amenable to curative surgery,
percutaneous ablation, or TACE, and for whom intraarte-
rial chemotherapy was not indicated because of the pres-
ence of extrahepatic metastasis or stenosis of the common
hepatic artery. Patients with a previous history of treat-
ment, including systemic chemotherapy, were included.
The eligibility criteria also included an Eastern Coopera-
tive Oncology Group (ECOG) performance status score of
2 or less [14], Child-Pugh liver function class A or B,
adequate hematologic function (white blood cell count,
>3000/uL; hemoglobin, >8.5 g/dL; platelet count >30000/
pL; and prothrombin time international normalized ratio,
<2.3), adequate hepatic function (albumin, >2.8 g/dL;
total bilirubin, <3 mg/dL; and alanine aminotransferase
[ALT] and aspartate aminotransferase [AST], <5 times the
upper limit of the normal range), and adequate renal
function (serum creatinine, <1.5 times the upper limit of
the normal range). Patients were required to have at least
one measurable target lesion according to the response to
treatment in solid tumors (RECIST) guidelines ver. 1.0
[15]. All patients provided written informed consent before
treatment. The treatment protocol was approved by the
ethics committee of the institution.

Diagnosis of HCC

Intrahepatic lesions, vascular invasion, and extrahepatic
metastasis of HCC were diagnosed with contrast-enhanced
computed tomography (CT) or magnetic resonance imag-
ing (MRI), considering hyperattenuation in the arterial
phase with washout in the late phase as the definitive sign
of HCC [16, 17]. Ultrasound-guided tumor biopsy was also
performed when radiological findings were atypical. Bone
scintigraphy was added when bone metastasis was sus-
pected because of symptoms but was not confirmed on CT
or MRIL
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Treatment

One cycle of this treatment consisted of 4 weeks (days
1-28). Peginterferon alfa-2a (90 pg) was administered
subcutaneously on days 1, 8, 15, and 22, and 5-FU
(500 mg/day) was systemically administered via continu-
ous intravenous infusion, using a portable infusion pump,
on days 1-5 and 8-12. Treatment was continued until
disease progression, unacceptable toxicity, or patient
refusal occurred. This protocol had no treatment interval,
and the next cycle started on the day after day 28 of the
previous cycle. The first one or two treatment cycles were
provided during hospitalization and 5-FU was adminis-
tered through a peripheral intravenous catheter. Patients
who could be expected to survive for a relatively long
period underwent implantation of an indwelling central
intravenous catheter and were treated on an outpatient
basis thereafter. Indwelling central intravenous catheters
were inserted by ultrasound-guided subclavian vein
puncture and the catheter tip was placed into the superior
vena cava using a guidewire under fluoroscopic guidance.
When adverse events caused by 5-FU became clinically
important, the dose of 5-FU was reduced by 50 %. As
prevention and treatment for stomatitis, sodium gualenate
hydrate and sodium bicarbonate were used as a gargle.
Dexamethasone ointment was also used for stomatitis.
Antidiarrheal agents such as loperamide hydrochloride
were used for diarrhea.

Response and toxicity assessment

To assess the response to treatment, contrast-enhanced CT
or MRI was performed at the end of the first and second
cycles and every two cycles thereafter. In principle,
treatment responses were evaluated according to the
RECIST guidelines ver.1.0 [15]. The best overall response
was adopted in the analysis. Complete response (CR) was
defined as the disappearance of both intrahepatic lesions
and extrahepatic metastasis. CR was confirmed by repeat
assessments performed 4 weeks or more after the criteria
for response were first met. Patients who had not com-
pleted the first cycle were regarded as having progressive
disease (PD) if radiological disease progression was con-
firmed at the time, and as “not assessable (NA)” if
imaging was not performed at the time. Toxicity was
evaluated using the National Cancer Institute Common
Toxicity Criteria version 3.0. During hospitalization,
patients were interviewed about their symptoms and
underwent a daily physical examination. Blood tests were
performed every week. When treated as outpatients, they
were required to visit the outpatient department at least
once every 2 weeks.
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Statistical analysis

We included in the analysis those patients who could not
complete the first cycle. The categorical variables were
compared by y’tests, whereas continuous variables were
compared with an unpaired Student’s z-test (parametric) or
Mann-Whitney U-test (nonparametric). A P value of <0.05
was considered statistically significant. Overall survival and
time to progression (TTP) were calculated using the Kap-
lan—Meier method. Patients were censored at the time of the
last visit, when lost to follow up, or at the end of the study
period. Follow up ended on June 30, 2010. The clinical data
at baseline were assessed as predictors of survival using
univariate and multivariate Cox proportional hazard
regression analysis. The following variables were included
in this analysis: age, sex, ECOG performance status, hep-
atitis B surface antigen (HBsAg), hepatitis C virus antibody
(HCVAD), Child-Pugh classification, platelet count, Bar-
celona-Clinic Liver Cancer (BCLC) staging classification
[18], presence of viable intrahepatic lesions, macroscopic
vascular invasion, extrahepatic metastasis, and a history of
previous treatment. Stepwise variable selection with the
Akaike information criterion (AIC) was used to find the best
model in multivariate analysis. All analytical procedures
were performed with S-plus Ver. 7.0 (Insightful, Seattle,
WA, USA).

Results
Patients

A total of 223 patients, 176 male and 47 female, with an
average age of 64.3 years, received this treatment. Patient
characteristics are listed in Table 1. Child—Pugh classifi-
cation was A in 166 patients (74.4 %) and B in 57 (25.6 %).
Macroscopic vascular invasion was present in 103 patients
(46.2 %). Extrahepatic metastasis was present in 166
(74.4 %) patients. Those patients without extrahepatic
metastasis who were treated with this regimen had con-
traindications to intraarterial chemotherapy because of
stenosis of the common hepatic artery, mainly due to
repeated TACE. Two hundred and ten (94.2 %) patients
had previously received some other treatment. The median
number of cycles of the combination treatment was two
(range 1-13). Four patients did not complete the first cycle
because of deterioration of performance status, unaccept-
able toxicity, or patient refusal.

Response to treatment

Six patients had CR (2.7 %), 15 (6.7 %) had a partial
response (PR), 52 (23.3 %) had stable disease (SD), and
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Table 1
(n = 223)

Variable, n (%)

Demographic and baseline characteristics of patients

Age (years)” 64.3 + 10.6
Male sex 176 (78.9)
ECOG performance status
0 159 (71.3)
1 57 (25.6)
2 7@3.1)
Viral infection
HBsAg, positive 58 (26.0)
Anti HCVAb, positive 125 (56.1)
Both positive 4(1.8)
Both negative 36 (16.1)
Child-Pugh classification
Class A 166 (74.4)
Class B 57 (25.6)

Platelet count (10%/ul)® 127 (34-840)

BCLC stage

B 22 (9.9)
C 201 (90.1)
Viable intrahepatic lesion, present 213 (95.5)
Macroscopic vascular invasion, present® 103 (46.2)
Portal vein 73
Hepatic vein or vena cava 51
Maximum tumor size (cm)b 5.2 (1.0-20.0)
AFP >100 ng/mL 143 (64.1)
AFP-L3 >15.0 %° 147 (66.2)
DCP >100 mAU/mL® 152 (68.8)
Extrahepatic metastasis, present® 166 (74.4)
Lung 91
Lymph node 52
Bone 33
Adrenal gland 11
Dissemination 20
Others 5
Previous therapy®
None 13 (5.8)
Surgical resection 78 (35.0)
Percutaneous ablation 95 (42.6)
Transarterial chemoembolization 150 (67.3)
Radiotherapy 32 (14.3)
Transarterial chemotherapy 65 (29.1)
Systemic chemotherapy 46 (20.6)
Cycles of systemic 5-FU + IFN therapy® 2 (1-13)

ECOG Eastern Cooperative Oncology Group, HBsAg hepatitis B surface
antigen, HCVAD hepatitis C virus antibody , BCLC Barcelona-Clinic Liver
Cancer, AFP alpha fetoprotein, DCP des-gamma-carboxy prothrombin,
5-FU 5-fluorouracil, IFN interferon

* Mean + SD

® Median (range)

¢ Including overlap

¢ Missing in one case

¢ Missing in two cases

222

Table 2 Summary of efficacy measures (n = 223)

Level of response, n (%)

Complete response 6 (2.7)
Partial response 15 (6.7)
Stable disease 52 (23.3)
Progressive disease 132 (59.2)
Not assessable 18 (8.1)
Response rate (%) 9.4
Disease-control rate (%) 32.7
Time to progression (months)
Median 2.0
95 % confidence interval (CI) 2.0-3.1
Overall survival (months)
Median 6.5
95 % CI 5.13-9.13
1-year survival rate (%) 31.2
2-year survival rate (%) 12.7
3-year survival rate (%) 7.1
1.0
= 094
Re)
n 0.8+
w
2 074
>
S 064
o
S 0.5+
Z 04+
-8 0.3
-g 0.2
Q 014
0.0 T T T T T T 1
0 6 12 18 24 30 36 42
Months
No. at Risk. 223 54 31 13 10 5 3 1

Fig. 1 Kaplan—Meier analysis of time to progression

132 (59.2 %) had PD. Treatment response was not
assessable in the remaining 18 (8.1 %) patients due to
symptomatic PD or their being lost to follow up before
evaluation. The response rate was 9.4 % and the disease-
control rate was 32.7 % (Table 2). The median TTP was
2.0 months (Fig. 1). There was no statistically significant
difference in TTP between Child—Pugh class A and class B
patients (median 3.0 vs. 2.0 months, P = 0.19).

Survival

The overall MST was 6.5 months (Fig. 2a). The survival
rates at 1, 2, and 3 years were 31.2, 12.7, and 7.1 %,
respectively (Table 2). MST was significantly longer in
Child-Pugh class A as compared with class B patients (9.2
vs. 2.8 months, P < 0.001) (Fig. 2b). The MSTs of patients
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A 107 Table 3 Predictors of overall survival: univariate analysis (n = 223)
0.9 4
T gs Variable Hazard ratio P
s 95 % CI)
g 074
2 08+ Age (years) >65 1.01 (0.76-1.35)  0.94
2 %57 Male sex 1.03 (0.73-1.45  0.87
% 0-4 ECOG performance status >0 1.73 (1.25-2.39) <0.001
0.3
3 or HBsAg, positive 0.87 (0.63-120)  0.38
& 02
01 J Anti HCVAD, positive 1.06 (0.80-1.42) 0.68
0.0 ——— . i . . . . . - - . Child—Pugh class B versus A 2.12 (1.54-2.92) <0.001
0 6 12 18 24 30 36 42 48 54 60 66 72 Platelet count >127,000/uL 1.25 (0.94-1.67) 0.13
, Months BCLC stage C 1.46 (0.89-2.41)  0.14
No.atRisk 223 111 58 30 20 11 8 5 3 3 1 1
Viable intrahepatic lesion, present 1.85 (0.76-4.49) 0.17
B ¢ \ Macroscopic vascular invasion, present 1.37 (1.03-1.83)  0.03
= T Extrahepatic metastasis, present 135 (0.97-1.87)  0.08
> 0841 . -
g 07 4 : Child-Pugh A Previous chemotherapy, present 1.16 (0.86-1.55) 0.34
D et
S | — = — - Child-Pugh B
> 0591
= 44 Table 4  Predictors of overall survival: multivariate analysis
s l‘ (n = 223)
g 03 .
Ao 024 Variable Hazard ratio P
0.1+ _——— 95 % Ch
0.0 ——l
0 6 12 18 24 30 36 42 48 54 60 66 72 ECOG performance status >0 1.46 (1.04-2.05)  0.03
No. af Risk Months Child-Pugh class B 1.83 (1.31-2.55) <0.001
Child-PughA166 98 49 27 17 9 6 4 3 3 1 1 Macroscopic vascular invasion, present  1.39 (1.03-1.88) 0.03
Child-PughB 57 13 9 3 3 2 2 1 ) )
Extrahepatic metastasis, present 1.35 (0.96-1.92) 0.09

C 1.0+
& 0.8 PR
2 0.7
g © SD
5 %] PD
> 05-
§ 0.4
S 034
o
0.2
0.1 l——h'\_F-I-I
0.0 T T T T T T T T —— oy
[o] <] 12 18 24 30 36 42 48 54 60 66 72
No. at Risk Months
CR 6 6 5 4 4 1 1 1 1 1 1 1
PR 15 15 14 7 7 4 4 3 1 1
SD 52 42 23 13 8 6 3 1 1 1
PD 132 46 16 & 1

Fig. 2 Kaplan-Meier analysis of overall survival (a); stratified based
on Child—Pugh classification (b) and response to treatment (c). CR
complete response, PR partial response, SD stable disease, PD
progressive disease

with CR, PR, SD, and PD were 27.4, 24.0, 13.2, and
4.4 months, respectively (Fig. 2c, P < 0.001). Based on a
univariate analysis, the following factors were significantly
associated with shorter survival time: ECOG performance
status >0, Child-Pugh class B, and presence of macro-
scopic vascular invasion (Table 3). A multivariate analysis
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Table 5 Safety profile

Grade 1-2, n (%) Grade 3-4, n (%)

Leukopenia 25 (11.2) 31 (13.9)
Anemia 0 (0) 1(0.4)
Thrombocytopenia 20 (9.0) 13 (5.8)
Stomatitis 11 (4.9) 3(1.3)
Anorexia 2(0.9) 104
Diarrhea 2(0.9) 0 (0
Skin rash 2 (0.9) 1(0.4)

showed that all of these factors were also independent
prognostic factors (Table 4).

Safety

Adverse events graded as 3 or 4 were observed in 28
(12.6 %) patients. The incidence of major adverse events is
presented in Table 5. The major grade 3—4 adverse events
were leucopenia (13.9 %) and thrombocytopenia (5.8 %).
A common non-hematological toxicity was stomatitis
(6.2 %, any grade). Fever, which was mostly low-grade,
occurred in about 90 % of the patients, usually after the
first administration of peginterferon, and was gradually
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attenuated during subsequent administrations. Elevations in
bilirubin, AST, and ALT levels from baseline occurred in
7.6 % of patients, although most cases of such elevation
occurred due to progression of the intrahepatic lesion, and
not due to the treatment itself. There were no catheter-
related problems, including infection or occlusion. No
treatment-related deaths occurred.

Discussion

Wadler et al. first reported combination therapy with
intravenous 5-FU and subcutaneous interferon for a malig-
nant neoplasm. They treated 30 patients with advanced
colorectal cancer using this protocol [19]. However, the
following phase III trial failed to establish the efficacy of
the treatment [20]. Subsequently, Patt et al. [21] reported
systemic combination therapy for HCC patients, reporting
that the treatment induced a decrease of more than 50 % in
the size of each measurable lesion in 18 % of the treated
patients. Since then, several studies have demonstrated the
efficacy of combination therapy of intraarterial 5-FU and
subcutaneous interferon for patients with advanced HCC
with portal venous invasion, reporting response rates of
44-63 % [13, 22, 23]. Furthermore, other studies have
revealed the mechanism underlying the antitumor effects of
this combination therapy [24-31]. However, only a case
series of a small number of patients has reported on this
systemic combination therapy in HCC patients [32]. The
present study is the first report of this therapy in a large
number of patients (n = 223).

In the past, systemic chemotherapy for advanced HCC
using various cytotoxic agents, such as doxorubicin, 5-FU,
cisplatin, and etoposide, has been investigated. However,
few agents showed response rates above 20 %, and the
number of patients included in those studies was small.
Furthermore, no regimens demonstrated convincing sur-
vival benefits in phase III trials [33, 34]. Single-agent 5-FU
[35-37] and related drugs such as eniluracil/5-FU [38, 39]
and uracil/tegafur {40, 41] showed low response rates. An
impressive result came from phase II and phase III studies
of PIAF (combination of cisplatin, interferon alfa, doxo-
rubicin, and 5-FU). The response rates of these studies
were 26 and 20.9 %, respectively [42, 43], which were
actually better than that of the present study, although the
number of patients was small and the characteristics of the
patients differed from those in our study.

At present, sorafenib is the standard treatment for
advanced HCC with extrahepatic metastasis or vascular
invasion. Before the availability of sorafenib, we treated
such patients with a combination of systemic intravenous
5-FU and subcutaneous interferon. The MSTs in the
SHARP study and the Asian-Pacific study of sorafenib
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(both randomized controlled trials) were 10.7 and
6.5 months, respectively, whereas the MST in the present
study was 6.5 months. However, both these trials of
sorafenib consisted only of Child—Pugh class A patients,
and the MSTs in these two studies were comparable to the
MST of the Child—Pugh class A patients in our study
(9.2 months). The disease-control rate in our study was
32.7 %, which was comparable to that of sorafenib (43 %
in the SHARP study; 35.3 % in the Asian-Pacific study).
Moreover, there were no complete responders in either of
these randomized controlled trials, and the response rates
were also low (2 % in the SHARP study; 3.3 % in the
Asian-Pacific study). On the other hand, in the present
study, six (2.7 %) patients achieved a complete response,
and the response rate of 9.4 % was higher than that in these
two studies. Thus, the combination of intravenous 5-FU
and subcutaneous interferon is worth consideration as a
choice of treatment for advanced HCC.

The response rate of 52.6 % that we observed in our
previous study where we treated HCC patients with portal
venous invasion with a combination of intraarterial 5-FU
and subcutaneous interferon [13] was much better than that
observed here. This may be partly because the local con-
centration of 5-FU in the liver is higher after intraarterial
infusion than after systemic administration. However,
systemic rather than intraarterial administration is appro-
priate for patients with extrahepatic metastases because
intraarterially administered 5-FU is substantially removed
by the liver in the first pass [44, 45].

In our previous study [13], we combined interferon alfa,
not pegylated, with the intraarterial administration of 5-FU.
Here, we combined pegylated interferon alfa with the
systemic administration of 5-FU mainly because of the
convenience in an outpatient setting. Whereas non-pegy-
lated interferon needs to be administered three times a
week, pegylated interferon requires only once-a-week
administration.

Cirrhotic patients have lower clearance rates of 5-FU
than non-cirrhotic patients [46]. Thus, such patients with
poor liver function may have more severe adverse events.
However, there were few serious adverse events in the
present study, although as many as 25.6 % of the patients
were Child-Pugh class B. Although grade 3 or 4 leuco-
penia and thrombocytopenia were observed, the baseline
white blood cell and platelet counts in the patients with
these events were almost always low because of back-
ground cirrhosis, and they were able to continue to receive
treatment. In addition, we did not observe any serious
adverse events in relation to infection.

According to our data, ECOG performance status, Child—
Pugh classification, and the presence of vascular invasion
were independent prognostic factors. This is consistent with
our previous study findings on the prognosis of patients with
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extrahepatic metastasis of HCC [47]. In the present study,
we also analyzed prognosis as stratified by treatment
response, and better treatment response resulted in better
prognosis. This point is to be confirmed in future prospective
studies.

The combination therapy described in the present study
was performed before the advent of sorafenib. It will now be
important to evaluate the efficacy of this combination ther-
apy in cases of sorafenib failure. It is also necessary to assess
the efficacy and safety of this treatment, as well as that of
sorafenib, for patients with poor liver function [48, 49].

In conclusion, the combination of continuous intrave-
nous infusion of 5-FU and subcutaneous peginterferon alfa-
2a was well tolerated and showed promising efficacy in a
subset of patients with advanced HCC. Further studies;
for example validating the efficacy of this treatment in
patients with sorafenib failure and conducting a random-
ized controlled trial comparing this treatment with sorafe-
nib, are needed to definitively establish the usefulness of
this treatment.
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Abstract

Background Reported mortalities and morbidities of
therapeutic procedures for liver tumors vary between stud-
ies, because of different designs and small sample sizes. We
investigated the mortalities and complication rates for hep-
atectomy, radiofrequency ablation (RFA), and trans-catheter
arterial embolization (TAE) for hepatocellular carcinoma
(HCC) in a large sample, using a nationwide Japanese
database (the Diagnosis Procedure Combination database).
Methods Data from the Diagnosis Procedure Combination
database were analyzed for July 1 to December 31, 2007
and the same period in 2008. We identified 54,145 patients
with HCC who underwent hepatectomy (n = 5,270), RFA
(n = 11,688), or TAE (n = 37,187). In-hospital mortality
and morbidity were analyzed for each procedure. The
relationships between mortality and factors including
patient characteristics and procedural backgrounds were
assessed.

Results In-hospital mortalities associated with hepatec-
tomy, RFA, and TAE were 2.6 % [95 % confidence interval
(CI) 2.2-3.1], 0.3 % (0.2-0.4), and 1.0 % (0.9-1.1), and
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post-procedural complication rates were 14.5 % (13.5~
15.5), 4.5 % (4.2-4.9), and 4.5 % (4.3-4.7), respectively.
Increased mortality following hepatectomy was signifi-
cantly associated with older age, extended lobectomy (vs.
partial hepatectomy; odds ratio [OR] 3.80, p < 0.001),
lower hospital volume (OR 2.74, p < 0.001), and renal
comorbidity (OR 3.01, p = 0.02). Older age and cardiac
comorbidity (OR 5.14, p = 0.001) were significantly
associated with RFA-related mortality, and lower hospital
volume was significantly associated with TAE-related
mortality (OR 1.60, p < 0.001).

Conclusions Mortalities and morbidities associated with
therapeutic procedures for liver tumors were acceptably
low in Japan, but were affected by patient and institutional
characteristics.

Keywords Liver tumor - Hospital volume -
Nationwide database

Abbreviations

RFA Radiofrequency ablation

TAE Trans-catheter arterial embolization

DPC Diagnosis Procedure Combination

ICD-10 International Classification of Diseases and
Related Health Problems, Tenth Revision

Introduction

The liver is one of the commonest sites of primary and
metastatic tumors [1, 2]. Hepatectomy has been considered
as a treatment of choice in patients with liver tumors, and
can offer survival for 5 years in 50-70 % of patients with
early hepatocellular carcinoma (HCC) [3-7], and in
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50-60 % with liver metastases of colorectal carcinoma
[8-10]. However, image-guided minimally invasive tech-
niques have been widely used for the treatment of HCC in
the past decade, and radiofrequency ablation (RFA) has
yielded promising clinical results, with survival rates
comparable with those of hepatectomy. During the past
decade, there has been growing interest in the use of RFA
in patients with liver tumors considered to be unresectable
because of impaired hepatic function [11-14]. Despite the
fact that surveillance programs have reduced the proportion
of HCC detected at an advanced stage in certain popula-
tions [15, 16], the majority of patients with HCC are still
not eligible for curative treatments, such as hepatectomy
and RFA, because of advanced features, and trans-catheter
arterial embolization (TAE) has been widely used as
a palliative treatment in such patients. A recent meta-
analysis showed improved overall survival in patients with
well-preserved liver function who were treated with
TAE [17].

Before the 1980s, hepatectomy-related mortality was
reported to be as high as 10 %. In recent years, however,
this has decreased to less than 5 % at some surgical cen-
ters, and several recent studies have reported large series of
successful hepatectomies with no mortality [18, 19]. On the
other hand, although the safety of image-guided therapies
has been generally accepted, various complications have
been reported. The reported complication rates vary sub-
stantially, primarily because of the small sample sizes used
in most studies. Published studies may also be liable to
publication bias, i.e., authors may be less enthusiastic about
reporting studies with higher complication rates.

The Diagnosis Procedure Combination (DPC) database is
a discharge abstract and administrative claims database of
inpatient admissions to secondary and tertiary care hospitals
in Japan [20-22], representing approximately 40 % of
inpatient admissions to such hospitals. This database repre-
sents a large number of samples, and can thus be used to
investigate the mortalities and morbidities associated with
different treatment modalities, on an objective basis. The aim
of this study was to investigate the mortalities and compli-
cation rates associated with hepatectomy, RFA, and TAE for
HCC in a large patient sample, using the DPC database.

Subjects, materials, and methods

Data source

The DPC database includes the following information:
location of hospital; patient demographics; diagnosis,
comorbidities at admission and complications after admis-

sion recorded with text in Japanese and the International
Classification of Diseases and Related Health Problems,
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Tenth Revision (ICD-10) codes; therapeutic procedures
coded by the Japanese original K-code; length of stay; and
discharge status, including in-hospital death. The survey of
the DPC hospitals is conducted by the DPC Research Group
between July 1 and December 31 each year, and is funded
by the Ministry of Health, Labour and Welfare, Japan. All
82 university teaching hospitals are obliged to adopt the
DPC system, but adoption by community hospitals is vol-
untary. The survey started in 2003 with 82 teaching hos-
pitals; 926 hospitals participated in 2007, and 855 in 2008.
Data for 2.99 and 2.86 million patients were included in
2007 and 2008, respectively. The number in 2008 repre-
sented approximately 40 % of all the inpatient admissions
to secondary and tertiary care hospitals in Japan.

The requirement for informed consent was waived in
this study, because of the anonymous nature of the data.
Study approval was obtained from the institutional review
board of the University of Occupational and Environmental
Health, Fukuoka.

Samples

The data used in this survey were derived from the DPC
database for July 1 to December 31, 2007 and the same
period in 2008. Patients with a diagnosis of HCC (ICD-10
code C220) were identified. We then selected patients who
underwent hepatectomy (DPC procedure code K695), RFA
(K697-3), or TAE (K615). Hepatectomy (K695) patients
were divided into five sub-categories (K695-1, partial
hepatectomy; K695-2, hepatic segmentectomy; K695-3,
hepatic lobectomy; K695-4, extended hepatic lobectomy;
K695-5, extended hepatic lobectomy with revasculariza-
tion procedure). Finally, patients who underwent two or
more types of the above procedures, and those who
underwent TAE for controlling tumor bleeding during
emergency hospitalization were excluded.

Endpoints

The primary endpoint was the in-hospital mortality after
each procedure. The secondary endpoint was the occurrence
of post-procedural complications during hospitalization,
including hemorrhage, pneumothorax, liver abscess, gas-
trointestinal perforation, peritonitis, and hepatic infarction.

Statistical analysis

Patient characteristics were analyzed in terms of sex, age,
and comorbidities. The characteristics of patients who
underwent hepatectomy were analyzed in terms of each
operative method. Hospital volume for each therapeutic
procedure during the survey period was determined using
the unique identifier for each hospital, and categorized into
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three (low-, intermediate-, and high-volume) groups, such
that the numbers of patients in each group were almost
equal. We assessed the relationships between mortality and
various factors, including patient characteristics and hos-
pital volume. The univariate association between each
factor and in-hospital mortality was evaluated using the
test or analysis of variance, as appropriate. Stepwise logistic
regression analysis was used to model the concurrent effects
of procedures and other factors on in-hospital mortality.
Statistical analyses were performed using PASW version
18.0 (SPSS, Chicago, IL, USA). The threshold of reported
p values for significance was accepted as <0.05.

Results
Patient characteristics

Of 118,524 patients with HCC, 54,145 eligible patients at
808 hospitals were finally enrolled. Among these, 5,270,
11,688, and 37,187 patients underwent hepatectomy, RFA,
and TAE, respectively. Approximately 70 % were male
and the mean ages ranged from 67.7 to 71.2 years,
according to the mode of treatment. Patients who under-
went hepatectomy were younger, and had a higher proba-
bility of having diabetes or cardiac disease (Table 1).

Procedural outcomes

The numbers of in-hospital deaths among patients who
underwent hepatectomy, RFA, and TAE were 137 (2.60 %),
29 (0.25 %), and 383 (1.03 %), respectively.

Table 2 shows the in-hospital mortality associated with
each procedure, and the univariate association between

Table 1 HCC patient characteristics and details of procedures

patient characteristics and procedural backgrounds. The in-
hospital mortality associated with hepatectomy was higher
in older patients (p = 0.002), those treated with more
invasive procedures (p < 0.001), those in hospitals with
lower procedure volumes (p < 0.001), and patients with
chronic renal disease (p = 0.02) (Table 2). The results of
multivariate logistic regression analysis of in-hospital
mortality for hepatectomy, RFA, and TAE are shown in
Fig. 1. Multivariate logistic regression analysis revealed
that lobectomy and partial lobectomy were significantly
associated with higher mortalities. Segmentectomy was
associated with higher in-hospital mortality than partial
hepatectomy, but the difference was not statistically
significant [adjusted odds ratio (OR) 1.21, p = 0.38]
(Fig. 1a).

The in-hospital mortality associated with RFA was
significantly higher in older patients (p = 0.001) and those
with cardiac diseases (p < 0.001) (Table 2). Both of these
features were identified as significant factors associated
with increased mortality (Fig. 1b).

The in-hospital mortality associated with TAE was
1.03 % (Table 2). Univariate comparison showed that in-
hospital mortality was significantly higher in hospitals with
lower procedure volumes (p < 0.001) and in younger
patients (p = 0.04). Multivariate logistic regression analy-
sis identified higher procedure volume as a significant factor
associated with lower mortality (OR 0.62, p < 0.001)
(Fig. 1¢).

The mean intervals between the date of procedure and
death in fatal cases were 43.1 days (range 0-167 days) for
hepatectomy, 42.1 days (range 0-178 days) for RFA, and
40.5 days (range 0-204 days) for TAE. The mortalities
within the 30 days following the procedure were 1.08 %
for hepatectomy, 0.14 % for RFA, and 0.45 % for TAE.

Total (n = 54,145) Hepatectomy (n = 5,270) RFA (n = 11,688) TAE (n = 37,187) p value
Sex, n (%) <0.001
Female 15,266 (28.2) 1,250 (29.3) 3,831 (32.8) 10,185 (27.4)
Male 38,879 (71.8) 4,020 (70.7) 7,857 (67.2) 27,002 (72.6)
Age (years), mean + SD 70.7 £ 8.8 67.7 £ 9.5 70.7 + 8.6 71.2 £+ 8.6
Age (years), n (%) <0.001
<59 5,498 (10.2) 883 (16.8) 1,197 (10.2) 3,418 (9.2)
60-69 14,662 (27.1) 1,703 (32.3) 3,162 (27.1) 9,797 (26.4)
70-79 25,247 (46.6) 2,261 (42.9) 5471 (46.8) 17,515 (47.1)
>80 8,738 (16.1) 423 (8.0) 1,858 (15.9) 6,457 (17.3)
Comorbidities, n (%)
Diabetes mellitus 9,878 (18.2) 1,162 (22.0) 1,945 (16.6) 6,771 (18.2) <0.001
Cardiac diseases 2,138 (3.9) 317 (6.0) 365 (3.1) 1,456 (3.9) <0.001
Chronic renal diseases 771 (1.4) 72 (1.4) 161 (1.4) 538 (1.5) 0.8

RFA radiofrequency ablation, TAE trans-catheter arterial embolization, HCC hepatocellular carcinoma
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Table 2 In-hospital mortality of hepatectomy, RFA, and TAE

Hepatectomy RFA TAE
nIN % (95 % CI) P n/N % (95 % CI) P n/N % (95 % CI) P

Overall 137/5,270  2.60 (2.19-3.10) 29/11,688 0.25 (0.17-0.36) 383/37,187 1.03 (0.93-1.14)

Sex 0.26 0.08 0.17
Female 38/1,250  3.04 (2.16-4.15) 14/3,831  0.37 (0.20-0.61) 93/10,185  0.91 (0.73-1.12)

Male 99/4,020  2.46 (2.01-3.00) T 157,857 0.19 (0.11-0.31) 290/27,002 1.07 (0.95-1.20)

Age (years) 0.002 0.001 0.04
<59 10/883 1.13 (0.54-2.07) 0/1,197 0.0 (0.00-0.30) 45/3,418 1.32 (0.96-1.76)
60-69 40/1,703  2.35 (1.68-3.18) 2/3,162 0.06 (0.01-0.23) 112/9,797  1.14 (0.94-1.37)
70-79 76/2,261  3.36 (2.66-4.19) 19/5471  0.35 (0.21-0.54) 163/17,515 0.93 (0.79-1.08)
>80 11/423 2.60 (1.31-4.61) 8/1,858 0.43 (0.19-0.85) 63/6,457 0.98 (0.75-1.25)

Procedure type <0.001

Partial hepatectomy 42/2,163  1.94 (1.40-2.62) - -
Segmentectomy 45/1,921 234 (1.71-3.12) - -
Lobectomy 31/869 3.57 (2.44-5.03) - -

Extended lobectomy 19/317 6.00 (3.65-9.20) - -

Hospital volume® <0.001 0.26 <0.001
High 27/1,744  1.55 (1.02-2.24) 8/3,875 0.21 (0.09-0.41) 97/12,101  0.80 (0.65-0.98)
Intermediate 38/1,742  2.18 (1.55-3.00) 8/3,896 0.21 (0.09-0.40) 126/12,497 1.01 (0.84-1.20)

Low 72/1,784  4.04 (3.17-5.06) 13/3,917  0.33 (0.18-0.57) 160/12,589  1.27 (1.08-1.48)

Comorbidities
Diabetes mellitus 0.97 0.68 0.76

No 107/4,108  2.60 (2.14-3.14) 25/9,743  0.26 (0.17-0.38) 311/30,416  1.02 (0.91-1.14)

Yes 30/1,162  2.58 (1.75-3.67) 4/1,945 0.21 (0.06-0.53) 72/6,771 1.06 (0.83-1.34)
Cardiac diseases 0.93 <0.001 0.79

No 129/4,953  2.60 (2.18-3.09) 24/11,323  0.21 (0.14-0.32) 369/35,731  1.03 (0.93-1.14)

Yes 8/317 2.52 (1.10-4.91) 5/365 1.37 (0.45-3.17) 14/1,456 0.96 (0.53-1.61)
Chronic renal diseases 0.02 0.52 0.29

No 132/5,198  2.54 (2.13-3.00) 29/11,527  0.25 (0.17-0.36) 375/36,649 1.02 (0.92-1.13)

Yes 572 6.94 (2.29-15.5) 0/161 0.0 (0.00-2.27) 8/538 1.49 (0.00-1.70)

CI confidence interval, RFA radiofrequency ablation, TAE trans-catheter arterial embolization

¢ Hospital volume was defined according to the number of cases per year. High hospital volume represents hospitals with more than 57 cases per year for
hepatectomy, 105 cases per year for RFA, and 183 cases per year for TAE. Low hospital volume represents hospitals with fewer than 21 cases per year for

hepatectomy, 38 cases per year for RFA, and 76 cases per year for TAE

In-hospital complications occurred in 763 (14.48 %),
531 (4.54 %) and 1,668 (4.49 %) for hepatectomy, RFA,
and TAE patients, respectively. The details of the com-
plications are listed in Table 3. Postoperative hemorrhage
was the commonest complication of hepatectomy and was
seen in 361 (6.85 %) admissions. The most significant
complication of both RFA and TAE was related to bile duct
stenosis, which occurred in 152 (1.30 %) and 657 (1.77 %)
cases, respectively.

Discussion
Hepatectomy, RFA, and TAE are widely applied thera-

peutic procedures which account for more than 90 % of all
procedures performed in patients with primary HCC in
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Japan [23]. When deciding on a treatment strategy, both
therapeutic efficacy and the risks associated with each
treatment modality should be considered. Whereas the
effectiveness of a procedure can be evaluated based on
established criteria such as survival, local recurrence, and
tumor necrosis, the complication rate as an index of safety
varies greatly among reports, mainly because of differences
in the definitions used. In-hospital mortality is a more
reliable indicator of safety, but a large number of samples
are required to obtain an accurate estimate of mortality,
because death is a relatively rare event. In the present
study, we investigated the mortalities and morbidities
associated with various therapeutic procedures for HCC,
using information from the nationally representative Japa-
nese DPC database. It is particularly worth noting that the
data for in-hospital mortality were expected to be 100 %
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reliable and free from recall bias because outcome was a
required item on discharge.

In this study, the mortality following hepatectomy
was 2.60 %, out of a total of 54,145 patients with HCC.
Previously reported in-hospital mortalities following hep-
atectomy for primary and metastatic liver tumors at major
high-volume centers were 3.8-8 and 0-7.0 % [4, 5, 24-30],
respectively. For example, one report from the United
States, using data from a nationwide inpatient sample over
a 9-year period, showed a mortality of 6 % [31]. However,
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the background of that study may be different from that of
the present study; for example, lower invasive procedures
such as partial hepatectomy and segmentectomy accounted
for the major part of the present study. This kind of factor
may have influenced the lower mortality rate in the present
study.

The mortality associated with RFA in the present
study was 0.25 %, which was similar to that noted in
previous reports (0.2-0.6 %) [32-39]. Multivariate analysis
identified older age and cardiac comorbidity as factors
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Table 3 Complications related
to each procedure

* More than one complication
during hospitalization was

Hepatectomy RFA TAE
(n = 5270) (n = 11688) (n = 37187)
Overall, n (%)* 763 (14.48) 531 (4.54) 1,668 (4.49)
Hemorrhage, n (%) 361 (6.85) 56 (0.48) 102 (0.27)
Bile duct stenosis, n (%) 59 (1.12) 152 (1.30) 657 (1.77)
Liver abscess, n (%) 19 (0.36) 36 (0.31) 201 (0.54)
Pneumothorax, n (%) 1 (0.02) 16 (0.14) -
Perforation of gastrointestinal 2 (0.04) 3 (0.03) -
tract, n (%)

Peritonitis, n (%) 98 (1.86) 98 (0.84) -

Heat burn, n (%) - 7 (0.06) -

Hepatic infarction, n (%) - 7 (0.06) 3 (0.00)
Liver failure, n (%) 122 (2.31) 131 (1.12) 617 (1.66)
Cardiac complication, n (%) 35 (0.66) 15 (0.13) 37 (0.10)
Ruptured suture, n (%) 40 (0.76) 2 (0.02) 2 (0.00)
Renal failure, n (%) 26 (0.49) 2 (0.02) 35 (0.09)
Pulmonary embolism, »n (%) 7 (0.13) 4 (0.03) 14 (0.04)
Wound infection, n (%) 12 (0.23) 11 (0.09) 11 (0.03)
Pneumonia, n (%) 57 (1.08) 30 (0.26) 117 (0.31)
Allergy to anesthetic agents, n (%) 2 (0.04) 5 (0.04) 86 (0.23)

counted as one

significantly related to high mortality in patients undergo-
ing RFA.

A recent systematic review of the safety of TAE, based on
37 trials with 2,858 patients, reported a median periprocedural
mortality (<30 days) of 2.4 % (range 0-9.5 %) [40], which
was higher than the in-hospital mortality for TAE in the
present study (1.03 %). Some previous reports defined mor-
tality as death within the 30 days following the procedure. In
the present study, the 30-day mortalities for hepatectomy,
RFA, and TAE were 1.08, 0.14, and 0.45 %, respectively.

A number of studies identified hospital procedure vol-
ume as an important determinant of postoperative mortality
following advanced surgical procedures [31, 41-46]. In the
present study, hospital procedure volume was significantly
associated with in-hospital mortality for hepatectomy and
TAE, but although the RFA-associated in-hospital mor-
tality tended to be lower in high-volume hospitals, the
difference was not significant. Despite the large sample
size, it is still possible that this study was too underpowered
to show any significant association between hospital vol-
ume and RFA mortality, because of the exceptionally low
mortality rate of RFA. These results suggest that concen-
trating patients indicated for hepatectomy in high-volume
centers should be considered on safety grounds.

In the present study, the mortality rate for hepatectomy
was lower in patients over 80 years old. The indication for
hepatectomy is determined on the basis of several factors.
Although there is no specific age limitation for hepatectomy
in Japan, older patients have shorter long-term survival after
hepatectomy compared to younger patients, because of their
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expected life span. Thus, the indication for hepatectomy in
older patients, especially those over 80, is stricter in clinical
practice. Taking these factors into consideration, it is pos-
sible that the patients over 80 years old from the DPC
database who did undergo hepatectomy were in generally
better than average health. That could explain the lower
mortality associated with hepatectomy in patients of
80 years and over in the present study. Similarly, the in-
hospital mortality rate for TAE was significantly lower in
older patients according to the univariate analysis. This
result also may be related to the indications for TAE in
Japan. Moreover, the intensity and area of embolization for
TAE can be regulated, and embolization is likely to be less
intensive in older patients, possibly accounting for the lower
mortality in older patients who underwent TAE. Cardiac
comorbidity was significantly associated with in-hospital
mortality for RFA. According to the database, three out of
the five deceased patients with cardiac comorbidities were
speculated to have died as a result of cardiac complications
(e.g., myocardial infarction, angina pectoris, and heart
failure). RFA is thought to be less invasive than hepatec-
tomy, and is sometimes considered as an alternative therapy
to hepatectomy in patients with relatively severe cardiac
comorbidities. The cardiac comorbidities were thus likely to
have been severe in the RFA group, which could account for
the higher mortality after RFA in the present study.

The complication rates for hepatectomy, RFA, and TAE
in the present study were 14.48, 4.54, and 4.49 %,
respectively. Previously reported complication rates have
varied among studies, ranging from 28.4 to 47.7 % [47-
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52], from 0 to 12.7 % [32-38], and from 4.3 to 10.8 %
[53-55] for hepatectomy, RFA, and TAE, respectively. Our
multivariate logistic regression analysis demonstrated that
the complication rate was significantly higher after more
invasive procedures in patients treated in hospitals with
lower procedure volumes, in patients with diabetes melli-
tus, and in patients with cardiac diseases in the case of
hepatectomy; and in patients treated in hospitals with
higher procedure volumes, patients with diabetes mellitus,
and patients with cardiac diseases for RFA and TAE (data
not shown). However, complications are usually reported
in the DPC database in relation to the reimbursement of
medical fees, and the reported complications were there-
fore less objective than the reported mortality, and could
have been underestimated. The complication rate was rel-
atively low for hepatectomy, and the rates for the other
procedures were similar to those in previous reports.

The present study had several limitations. First, although
the DPC database represents approximately 40 % of all
admissions to secondary and tertiary care hospitals in Japan,
participating hospitals tend to be medium-to-large-sized
institutions. The mortality could therefore have been
underestimated by potentially excluding low-procedure-
volume hospitals. Second, some important clinical data that
may affect the risk of death related to treatments, such as the
size and location of the tumor, and severity indexes of liver
disease [e.g., the Child-Pugh and model for end-stage liver
disease (MELD) scores] were unavailable in this database.
Third, data on late-onset complications that appeared after
discharge (i.e., biloma, biliary injury, or hepatic abscess)
were also unavailable, because the database covers only
inpatient data. This may have led to an underestimation of the
complication rate in this study. However, according to pre-
vious reports, late-onset complications appear to have mini-
mal effects on the mortality rates. Fourth, as noted above, as
the DPC system was basically designed for assessing reim-
bursement, co-existing diseases are usually reported when a
specific treatment is needed,; e.g., the proportion of patients
with diabetes was higher in the hepatectomy group than that
with the other procedures. This may be because patients who
underwent hepatectomy were more likely to have been treated
with intensive insulin therapy before surgery. Fifth, the
immediate cause of death is not a required item in the DPC
database. Accordingly, the in-hospital deaths recorded in this
database have room for treatment unrelated deaths, the pro-
cedure-related mortality could therefore have been overesti-
mated. However in-hospital mortality is more robust in terms
of objectivity compared to treatment-related mortality asses-
sed by operators. Finally, some complications, such as tumor
seeding, were not covered by the ICD codes and could
therefore not be evaluated.

In conclusion, this study confirmed that the therapeutic
procedures used to treat liver tumors in Japan were
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associated with low mortalities and low complication rates.
However, procedure-related mortality can be affected by
patient and therapeutic backgrounds.
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Silencing of microRNA-122 enhances
interferon-a signaling in the liver through
regulating SOCS3 promoter methylation
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Haruhiko Yoshida & Kazuhiko Koike
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Hepatitis C virus (HCV) infection is a major cause of chronic liver disease worldwide. Although novel drugs
against HCV are under development, the current standard therapy consists principally of interferon (IFN).
To improve the response to IFN treatment by enhancing interferon-stimulated response element
(ISRE)-mediated gene transcription, we screened 75 microRNAs highly expressed in hepatocytes for their
ability to modulate ISRE activity. Overexpression of microRNA-122 (miR122) significantly suppressed
ISRE activity. Conversely, silencing of miR122 function enhanced IFN-induced ISRE activity, by decreasing
expression of suppressor of cytokine signaling 3 (SOCS3). This decrease in SOCS3 level was not mediated by

~microRNA target gene suppression, but rather by enhanced methylation at SOCS3 gene promoter. Taken

together, our data, along with the fact that antisense oligonucleotides of miR122 also directly inhibit HCV
replication, suggest that a combination therapy comprising IFN and silencing of miR122 function may be a
promising therapeutic option in the near future.

ore than 170 million individuals worldwide are chronically infected with hepatitis C virus (HCV), which
results in hepatic inflammation, hepatic fibrosis, and liver cirrhosis'. End-stage liver diseases as well as
« hepatocellular carcinoma attributable to chronic hepatitis C are increasingly serious problems®. For
almost a decade, the standard of care in patients with chronic hepatitis C has consisted of pegylated interferon-
o2a (peglFN-v2a) or pegIlFN-u2b in combination with the guanosin analog ribavirin. However, this eradicates
HCYV in only about half of those infected with HCV genotype 1, the most common genotype globally. Moreover,
severe adverse events are associated with IFN therapy, such as myelo-suppression and flu-like syndrome. Because
these effects are dose-limiting, many patients are unable to receive a higher dose of IFN that might more
effectively inhibit HCV replication’. While recent licensing of HCV protease inhibitors for the treatment of
patients with chronic hepatitis C as part of a triple therapy with pegIFN-o and ribavirin is expected to increase the
sustained viral response (SVR) rate, IFN currently remains the principal drug for the eradication of HCV.

Type 1 interferons (IFNs), such as IFN-o and IFN-f, bind to the type I IFN receptor®. One major pathway in
type I IFN signaling involves the Jak-STAT signaling cascade®. Activated tyrosine kinases phosphorylate STAT-1
and STAT-2 proteins, which bind to p48, a member of the IFN regulatory family (IRF), to form interferon-
stimulated gene factor-3 (ISGF3). ISGF3 translocates to the nucleus and binds to the interferon-stimulated
response element (ISRE) in the promoter region of IFN target genes, which code for antiviral proteins such as
double-stranded RNA-activated protein kinase (PKR) and 2'5’-oligoadenylate synthethase (OAS1). On the other
hand, regulatory molecules are also involved in the IFN pathway. The suppressor of cytokine signaling (SOCS)
protein is a negative regulator of the Jak-STAT cascade®. The SOCS family includes eight members (SOCS-1 to
SOCS-7 and CIS), all sharing a central SH2 domain and a C-terminal SOCS box. SOCS-1 and SOCS-3 are the
most effective members of this family, and act as negative regulators of several intracellular pathways, particularly
the Jak-STAT pathway. In hepatic cells, inhibition of IFN-a-induced STAT-1 activation by HCV core protein
overexpression is associated with induction of SOCS-3 mRNA expression’. Therefore, increased SOCS3 protein
expression during HCV infection may be a mechanism of IFN resistance®°. Such regulatory functions may also
be important determinants of the efficacy of anti-HCV IFN therapy.

MicroRNAs are short, single-stranded, non-coding RNAs. They are expressed in most organisms, ranging
from plants to vertebrates'', and are involved in the regulation of target gene expression. Different microRNAs are
responsible for the control of various biological processes’>*. In this context, a number of microRNAs have
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Overexpressing microRNA

Figure 1 | MiR122 and miR885-5p suppress ISRE activity. Functional screening for liver microRNAs that modulate ISRE activity. Seventy-five mature
microRNA oligonucleotides known to be highly expressed in the liver were transiently reverse-transfected into stable 293T cell-derived ISRE reporter cell
lines, followed by IFN-o stimulation. Reporter activities were normalized to the values of negative control RNA oligonucleotides (N.C. in green) and
ranked in ascending order. Determinations were performed in duplicate, and a representative result is shown. MiR122 and miR885-5p, which were

chosen for further analyses, are in blue and represented as rectangles.

recently been shown to regulate the function of intracellular signaling
intermediates, such as p53 and NF-xB pathways, by regulating
expression of their target genes*>™'%.,

Primary microRNAs, which possess stem-loop structures, are pro-
cessed into mature microRNAs by Drosha and Dicer RNA polymer-
ase III. These mature microRNAs then associate with the RNA-
induced silencing complex (RISC), and the resulting complex binds
directly to the 3'-untranslated regions (3'-UTRs) of target mRNAs to
suppress translation and gene expression post-transcriptionally.
While this is undoubtedly the main action of microRNAs, recent
studies have demonstrated that microRNAs can enter the nucleus’,
and are involved in establishing DNA methylation®-**. In addition,
microRNAs may also regulate chromatin structure by regulating
key histone modifiers®. Taken together, these results suggest
that microRNAs are important players in epigenetic and post-
transcriptional control of gene expression®.

The aim of this study was to determine the possible role of
microRNAs in IFN signaling. We focused on microRNAs expressed
in the liver because we were interested in regulators of IFN signaling
during HCV treatment. We screened a subset of microRNAs for their
ability to modulate ISRE activity to develop a more effective IFN-
based therapy against chronic hepatitis C infection.

Results

Screening for microRNAs regulating ISRE activities. We initially
screened for microRNAs that affected ISRE-mediated gene tran-
scription using stable ISRE activity reporter cell lines and by
transiently overexpressing 75 mature synthetic microRNAs, as we
did previously to screen for microRNAs that affect NF-kB activity'®.
Because we were interested in IFN-mediated intracellular signaling
in the liver, the microRNAs examined were selected on the basis of
their hepatic expression level*. In addition, we used non-liver 293T
cells for the initial screening to determine the effects of the
microRNA overexpression. The data suggested differential effects
of microRNAs on ISRE activity in response to IFN-a stimulation
(Fig. 1). Of the microRNAs examined, we chose miR122 and
miR885-5p for further investigation because they suppressed ISRE
activity significantly and reproducibly in two independent screens.

Silencing of miR122 enhances ISRE activities. To confirm the
suppressive effects of miR122 and miR885 overexpression on
ISRE activities, we first performed a reporter assay to monitor
ISRE activities with plasmid-based miR-overexpressing constructs.
While both miR122 and miR885 suppressed ISRE activities induced
by IFN-o stimulation in 293T cells, the effect of miR122 was more
significant (Fig. 2a). For this reason, and because miR122 is the most

abundant microRNA in the liver®, we further focused on miR122.
The suppressive effect of miR122 was ISRE-specific, because it had
no effect on p53-mediated transcriptional activities (Fig. 2b). Next, to
examine the effects of silencing miR122 function on ISRE activity in
hepatoma cell lines, we transiently transfected plasmid-based anti-
miR122 constructs into Huh7 cells, in which miR122 is highly
expressed”. The silencing of miR122 function resulted in about
two-fold augmentation of IFN-a-induced ISRE activity (Fig. 2c),
suggesting that miR122 is also involved in ISRE activity in
hepatoma cell lines during IFN-o treatment. To further confirm
these effects, we examined Hela-Tet-Off-miR122 cells, in which
the expression of miR122 precursors can be shut off by doxycyclin
treatment. In these cells, ISRE activity was more highly induced
by IFN-o treatment when the expression of miR122 precursors
was suppressed by doxycyclin treatment (Fig. 2d). Interferon sti-
mulated genes, such as ISG15 and IFNARI, were induced to a
greater extent by IFN-o treatment in miR122-silenced Huh7 cells
than in control cells (Fig. 2e and 2f). These data suggest that silencing
miR122 can enhance IFN-o-ISRE activities.

Silencing miR122 suppresses SOCS3 expression by methylation of
its promoter. To gain insight into the mechanisms underlying
the suppression of ISRE activity by miR122, we searched the
Gene Expression Omnibus (GEO) database regarding the effect of
silencing miR122 on changes in IFN pathway-related gene ex-
pression (DataSet Record GDS1729)%. Consistent with our results
(Fig. 2), the expression of several known ISRE-mediated IFN-
stimulated genes, such as OASI, interferon o and B receptor 1
(Ifnarl), interferon o-inducible protein 27-like 2A (Ifi2712a), and
interferon regulatory factor 6 (IRF6), were indeed up-regulated by
silencing miR122 function in the mouse liver. However, the
expression of regulatory genes involved in the IFN signaling
pathway from the receptor to the nucleus, such as STAT1, STAT2,
JAK1, and JAK2, were unchanged. Although we searched for
potential miR122 target genes related to IFN signaling in several
microRNA target databases, including TargetScan (http://www.
targetscan.org), no major IFN-related genes were found.

Because epigenetic changes induced by microRNAs have been
reported®**, we compared the comprehensive methylation levels
of 27,578 promoter-associated CpG sites using an Illumina Infi-
nium methylation assay (Human Methylation27 BeadChip) between
control and stably miR122-silenced Huh7 cell lines. Although the
methylation levels of most CpG sites were unchanged, those of a
number of CpG sites were altered by silencing miR122 (Table 1).
While the methylation of most of these decreased, the CpG sites of a
few genes were more methylated by miR122 silencing. The most
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